Sequential blood samples taken from a pregnant woman with haemolytic uraemic syndrome caused by verocytotoxin (VT)-producing Escherichia coli O157 were used to examine the kinetics of serum antibody production to E. coli O157 lipopolysaccharide (LPS), intimin and the conserved region of the translocated intimin receptor (Tir-M). Umbilical cord blood and two samples of blood from the newborn baby were also examined for antibodies to these antigens. In the mother, antibodies of the IgM class, specific for E. coli O157 LPS, were produced in the initial stages of the infection, reaching a peak at 9 days after onset of diarrhoea and subsiding 3 days later. High levels of IgG class antibodies, specific for E. coli O157 LPS, were detected 8 days after the onset of diarrhoea and were present at high titres on day 18. Serum antibodies of the IgA class to E. coli O157 LPS were not detected. Antibodies binding to Tir-M were detected 8 days after the onset of diarrhoea and high titres of these antibodies were still present on day 18. Serum antibodies to intimin were not detected in the mother and no antibodies to any of the antigens tested were detected in either the baby's blood or cord blood. This study describes for the first time the kinetics of serum antibody production during pregnancy, to selected antigens expressed by E. coli O157.
Introduction
Verocytotoxin-producing Escherichia coli (VTEC), and particularly strains of serotype O157:H7 and O157:HÀ, are a major cause of haemolytic uraemic syndrome (HUS) in the UK [1] . Patients infected with E. coli O157 produce serum antibodies to the E. coli O157 lipopolysaccharide (LPS) antigens [2] and these antibodies form the basis for routine serological tests, providing evidence of infection in the absence of faecal E. coli O157 [3] . Early studies designed to characterise the immune response to E. coli O157 infection detected an IgM class, but not an IgG antibody response, to E. coli O157 LPS [4] , although an IgG class antibody response to E. coli O157 LPS has been reported [5] . An IgA class antibody response, to E. coli O157 LPS was demonstrated in 76% of patients with HUS [6] , and 12% of these patients produced serum antibodies of the IgA class only.
Certain strains of VTEC, including those of serogroup O157, adhere to human intestinal epithelial cells, causing 'attaching and effacing' lesions [7] . Two of the proteins involved in the adhesion process -intimin and the translocated intimin receptor (Tir) -are expressed during the pathogenesis of human disease, as indicated by the production of antibodies to intimin and the trans-membrane region of Tir (Tir-M) by patients [8] .
The kinetics of antibody production by patients infected with O157 VTEC are not known; however, the Laboratory of Enteric Pathogens received sequential blood samples from a woman infected with a VTproducing strain of E. coli O157 during pregnancy. As a consequence, the kinetics of the serum antibody response of this patient to E. coli O157 LPS, intimin and Tir-M were examined.
Materials and methods

Patient
A 36-year old patient was c. 30 weeks pregnant when she experienced the onset of a severe diarrhoeal illness (designated day 1). E. coli O157 producing VT2 was isolated from her stool the following day (day 2) and on day 8 she developed HUS. On day 9, her baby was delivered by caesarean section. Blood samples were taken from the mother on days 4, 6, 8, 9, 10, 12 and 18, and a sample of antenatal blood taken 5 months previously was also available. Samples of blood were also obtained from the umbilical cord (day 9), and from the baby on days 10 and 16. Sera were prepared from these blood samples and stored at À308C.
Lipopolysaccharide
For SDS-PAGE and immunoblotting, lipopolysaccharide (LPS) was prepared by digesting whole bacteria with proteinase K [4] . Bacteria were placed in preweighed Eppendorf tubes and the cells were suspended in SDS-PAGE sample buffer [9] to give a concentration of 1 mg=30 ìl before incubation at 1008C for 10 min. After cooling, samples were mixed with an equal volume of SDS-PAGE buffer containing 100 ìg of proteinase K (Sigma) per 30 ìl before incubation at 608C for 1 h.
For the ELISA, LPS was prepared from outer membranes [10] by the hot-phenol method of Westphal and Jann [11] . Outer membranes were suspended in 5 ml of de-ionised water and mixed with 5 ml of aqueous phenol solution (Merck) 80% w/v. After incubation at 688C for 15 min, the preparation was centrifuged (3000 g, 30 min, room temperature) and the aqueous phase was harvested and transferred to a clean glass container. The remaining phenol phase was mixed with 5 ml of de-ionised water, incubated at 688C for 15 min and centrifuged (as above). The aqueous phase was removed and mixed with the initial aqueous phase fraction before dialysis against 3 3 5 L of deionised water at 48C. The aqueous fraction was lyophilised and the LPS was weighed. The LPS was analysed by SDS-PAGE alongside LPS prepared from whole bacteria (see above). Profiles were stained with a silver stain for carbohydrate [12] and showed that the purified LPS was representative of whole-cell LPS. They were also stained with a silver stain for protein [13] and shown not to contain contaminating cellular proteins.
Tir and intimin
Recombinant preparations of Tir-M (24 kDa) and intimin 280 387-666 (38 kDa) [8] , were kindly donated by Dr Claire Jenkins, Imperial College of Science, Technology and Medicine, London.
SDS-PAGE and immunoblotting
SDS-PAGE was performed with an Atto TM mini-gel apparatus (Genetic Research Instruments, Braintree, Essex). Preparations containing 83 ìg of digested cell mass or 10 ìg of protein lane were used, loaded on to gels (stacking gel 4.5% and separating gel 12.5%) and electrophoresis was done at 50 mA for 30 min. Gels were stained either with silver to show LPS profiles [12] or with Coomassie Blue for proteins [4] , or profiles were transferred on to nitrocellulose paper (NCP) by immunoblotting [4] (0.5 A, 1 h). Profiles immobilised on sheets of NCP were blocked with skimmed milk 3% in phosphate-buffered saline (milk-PBS) for 30 min and exposed to 30 ìl of serum in 5 ml of milk-PBS for 60 min. After washing (3 3 10 min) in PBS-Tween, NCP strips were treated for 60 min with either goat anti-human polyvalent immunoglobulin, goat anti-human IgA, goat anti-human IgG, or goat anti-human IgM, all conjugated with alkaline phosphatase (and obtained from Sigma). Antibody conjugates were diluted 1 in 1000 in milk-PBS. After further washing in PBS-Tween, NCP strips were placed in substrate buffer (0.1 M Tris, 0.09 M NaCl, 0.15 M MgCl 2 :6H 2 O) for 10 min. For colour development, the strips were placed in 10 ml of substrate buffer containing 45 ìl of nitroblue tetrazolium (Sigma), 75 mg=ml in 70% aqueous dimethyl formamide, and 35 ìl of 5-bromo-4-chloro-3-indolylphosphate.Na 2 (Sigma), 50 mg=ml in de-ionised water.
ELISA
The ELISA [4] was done with E. coli O157 LPS and Tir-M protein. Wells were coated with 1 ìg of either LPS or Tir-M in 100 ìl of coating buffer (Na 2 CO 3 1.59 g=L and NaHCO 3 2.93 g=L, pH 9.6) and blocked with PBS containing bovine serum albumin (Sigma) 10 g=L before the addition of patient's sera (100 ìl= well). Sera were diluted 1 in 50 in PBS for detecting antibodies of the IgA and IgG classes, and 1 in 100 for antibodies of the IgM class to LPS. For identifying antibodies binding to Tir-M, sera were diluted 1 in 100 in PBS. Bound antibodies were detected with the same anti-human antibody conjugates as described for immunoblotting (above), diluted 1 in 1000 in PBS. Antibodies conjugated with alkaline phosphatase were detected by adding 200 ìl of diethanolamine buffer (1 M diethanolamine, 2 mM MgCl 2 , pH 9.6) containing p-nitrophenyl phosphate (Sigma) 1 mg=ml. The resultant colour was quantified by measuring the absorbance at 405 nm.
Results
The seven sera prepared from the mother following infection with E. coli O157 and the sample of antenatal serum were examined for antibodies binding to E. coli O157 LPS. The SDS-PAGE profile of the LPS VTEC O157 INFECTION IN PREGNANCY 523 preparation, as revealed by silver staining, is shown in Fig. 1, lane 1 . By immunoblotting, all seven sera prepared after the onset of disease were found to contain antibodies of the IgM class, e.g., as shown in Fig. 1 Sera were also examined for antibodies binding to recombinant preparations of Tir-M (Fig. 1, lane 3) and intimin (not shown). By immunoblotting with an antihuman polyvalent antibody conjugate, antibodies binding to Tir-M were detected in blood samples taken on days 6, 8, 9, 10, 12 and 18, as shown in Fig. 1, lane 4 , but antibodies binding to intimin were not detected in any sample. The antibody response to Tir-M was measured by ELISA (Fig. 2) . A low titre of antibodies was detected in the patient's blood taken on day 6 and the titres increased to the highest level (OD 405 ¼ 1:58, ó ¼ 0:12) on day 18.
Discussion
Serum antibodies of the IgM class, binding to E. coli O157 LPS were detected early during this case study and this explains why this class of antibody forms the basis of routine serodiagnosis of infections with E. coli O157 [4, 14] . The titre of these antibodies declined from day 9 after the onset of diarrhoea but the reasons for this were not known. A previous study [14] suggested that IgM class antibody production might be variable, because certain patients had IgM class antibody titres to E. coli O157 LPS which declined shortly after infection whereas, for others, the titres were apparently increasing 20 days after infection.
Antibodies of the IgG class to E. coli O157 LPS appeared in the patient's blood approximately 8 days after the onset of diarrhoea and continued to persist when levels of IgM class antibodies were in decline. The fact that there have been reports of both IgG and IgM class antibodies to E. coli O157 LPS [5] and IgM class antibodies only [15] demonstrates that the time at which blood samples are taken can influence the class of antibodies detected. Serum antibodies of the IgA class were not detected in this patient by ELISA or immunoblotting; however, this may be because c. 24% of patients infected with E. coli O157 do not produce serum antibodies of the IgA class to E. coli O157 LPS [6] . The variation in expression of class and titre of serum antibodies observed in this study illustrates the importance of analysing patients' sera with an antihuman immunoglobulin to all three antibody classes for the routine serodiagnosis of infections with E. coli O157.
Serum antibodies binding to Tir-M were detected 6 days after the onset of diarrhoea, supporting other studies demonstrating serum antibodies to this protein in patients infected with E. coli O157 [8, 16] . Serum antibodies to intimin were not detected by blotting or ELISA, and the lack of an antibody response to this protein has been described elsewhere [16] . However, antibodies to intimin have been reported in other studies [8] , suggesting that production of serum antibodies to this protein may be variable. Antibodies to E. coli O157 LPS were not detected in blood from the umbilical cord. As IgM class antibodies are unable to traverse the placenta, the absence of IgM class antibodies to E. coli O157 LPS was expected. However, the baby was delivered 9 days after the mother developed diarrhoea, when levels of serum IgG class antibodies to E. coli O157 LPS and Tir-M were high, and it was expected that these antibodies would be present in the baby, but for unknown reasons they were not detected.
Although a case of infection with VT-producing E. coli O6:H12 during pregnancy has been described previously [17] , the present study is the first to examine the kinetics of serum antibody production during the pathogenesis of infection with a VT-producing strain of E. coli O157. 
